Rationale Cross-species quantification of physiological behavior enables a better understanding of the biological systems underlying neuropsychiatric diseases such as bipolar disorder (BD). Cardinal symptoms of manic BD include increased motor activity and goal-directed behavior, thought to be related to increased catecholamine activity, potentially selective to dopamine homeostatic dysregulation. Objectives The objective of this study was to test whether acute administration of amphetamine, a norepinephrine/ dopamine transporter inhibitor and dopamine releaser, would replicate the profile of activity and exploration observed in both humans with manic BD and mouse models of mania. Methods Healthy volunteers with no psychiatric history were randomized to a one-time dose of placebo (n=25), 10 mg damphetamine (n=18), or 20 mg amphetamine (n=23). Eighty mice were administered one of four doses of d-amphetamine or vehicle. Humans and mice were tested in the behavioral pattern monitor (BPM), which quantifies motor activity, exploratory behavior, and spatial patterns of behavior. Results In humans, the 20-mg dose of amphetamine increased motor activity as measured by acceleration without marked effects on exploration or spatial patterns of activity. In mice, amphetamine increased activity, decreased specific exploration, and caused straighter, one-dimensional movements in a dose-dependent manner. Conclusions Consistent with mice, amphetamine increased motoric activity in humans without increasing exploration. Given that BD patients exhibit heightened exploration, these data further emphasize the limitation of amphetamine-induced hyperactivity as a suitable model for BD. Further, these studies highlight the utility of cross-species physiological paradigms in validating biological mechanisms of psychiatric diseases.
Introduction
Utilizing cross-species models enables the evaluation of parallels between critical phenotypes in humans and non-human animal models of psychiatric disease. In particular, animal models provide a basis of Bcross-talk^between focal psychopathology and underlying biological systems. We have applied such a translational approach to the study of bipolar disorder (BD), a chronic and disabling disorder that is characterized by states of mania, hypomania, and depression and affects approximately 2 % of the population. One of the core symptoms of the mania that defines BD is increased energy (Cheniaux et al. 2014) , recently recognized by the DSM-5 as an essential feature that must be present for most of the day to meet criteria for a manic episode (DSM-5 2013) . Increased energy can be further operationalized as psychomotor agitation and/or increased goal-directed activity and has been linked to dysregulation of the catecholamine system, notably dopamine (DA). Several lines of evidence suggest that DA is involved in the pathology of BD (Cousins et al. 2009 ); for example, BD patients have higher levels of urinary catecholamines (Grossman and Potter 1999; Koslow et al. 1983 ); DAtransporter (DAT) availability in the striatum is lower in people with BD (Anand et al. 2011 ); and DA-related genes such as the DAT gene may confer susceptibility to BD (Greenwood et al. 2001; Greenwood et al. 2006) . Supporting the role of the catecholamine system in BD (van Enkhuizen et al. 2015) is the observation that drugs that increase catecholamine activity, such as antidepressants, can sometimes induce a manic state (Salvi et al. 2008) . Furthermore, marked hyperactivity can be triggered in humans or rodents by psychostimulants such as amphetamine, which act via the norepinephrine (NE) transporter (NET) and the DAT, suggesting that these mechanisms may be involved in these behaviors.
Our previous work has attempted to quantify aspects of increased motor activity in humans with BD and animal models of mania to further delineate the distinctive neurobiology of this disorder. Increased activity can be objectively quantified across species using our human and animal behavioral pattern monitor (BPM) . Using this approach, we demonstrated that manic BD humans are characterized by increased motor activity , increased goal-directed behavior as evidenced by interactions with novel stimuli , and a spatial pattern of straight, distance-covering movements (Perry et al. 2009 ). The studies above suggested that this profile was unique to mania and not seen in schizophrenia, nor was it observed in a small sample of people with attention deficit hyperactivity disorder (ADHD) (Paulus et al. 2007 ). This phenotype is also seen in an attenuated form in non-manic phases of the disorder (Henry et al. 2013) . Studying animal models of BD mania in parallel with the human investigations enabled the refinement of models that best matched the behavioral profile unique to mania. In attempting to recreate the profile, the closest models involved reducing the function of catecholamine clearance mechanisms. Specifically, in mice, either pharmacological treatment with the selective DAT inhibitor GBR12909 or genetically induced knockdown of the DAT mimicked the behavioral profile observed in humans with manic BD. Thus, mice with either an acute or lifelong reduction in DAT function exhibited increased motor activity as evidenced by movement counts, increased goal-directed behavior as measured by holepokes, and longer, straighter patterns of spatial movement (Perry et al. 2009; Ralph et al. 2001a; Young et al. 2010b) . Treatment with the mixed NET/DAT inhibitor amphetamine did not fully replicate the profile in mice, however, only increasing motor activity and inducing straighter patterns of movement without a marked effect on goal-directed behavior (Perry et al. 2009 ). These data provide quantitative support for earlier human studies suggesting that amphetamine treatment does not sufficiently recreate BD profiles (Silverstone et al. 1998; Young et al. 2011a ). This cross-species approach supported a novel direction for modeling BD in mice by using amphetamine to block both DA and NE uptake. While pharmacological manipulation has been examined extensively, albeit separately, for many years in rodents and humans, no one has verified that broad inhibition of catecholamine reuptake is sufficient to increase activity of both healthy humans and mice with fidelity across species. For example, the majority of human studies using amphetamine to model BD have focused on subjective and/or cardiovascular effects, with no direct comparison to an equivalent animal model or paradigm. The aim of the current study was to assess a cardinal feature of BD that can be quantified in parallel human and animal paradigms and test whether pharmacological manipulations in healthy humans and in mice that non-selectively target the catecholaminergic system could recreate the increased exploratory behavior profile observed in BD. This Breverse-translational^approach has two purposes:
(1) to determine whether amphetamine recreates a mania-like profile in humans and (2) to further validate or invalidate the utility of our cross-species behavioral paradigm in capturing this cardinal symptom. We conducted a double-blind placebocontrolled study where one of two doses of d-amphetamine was administered to healthy volunteers prior to testing in the human version of the BPM (hBPM). We also conducted experiments in mice to replicate our previous findings of the effect of amphetamine in the mouse BPM, elaborating on these studies using a narrower dose range and investigating whether there were sex effects by including both male and female mice. We hypothesized that in both humans and mice, amphetamine would increase motor activity irrespective of sex, but have no significant effect on goal-directed behavior as measured by novel object interactions in humans and holepokes in mice.
Methods-humans Participants
The University of California San Diego (UCSD) School of Medicine's institutional review board approved the study. Participants were recruited from flyers and online advertisements posted in the community and included 66 male and female volunteers with the following inclusion criteria: Participants who met all inclusion/exclusion criteria were randomized, in a double-blind fashion, to one of three groups: placebo, 10 mg d-amphetamine, or 20 mg d-amphetamine. The doses of amphetamine were based upon those used in previous studies (Ballard et al. 2014; de Wit et al. 2002; Hart et al. 2012; Weafer and de Wit 2013) ; the 10-and 20-mg doses have elicited behavioral effects and have been generally welltolerated in those reports. As these previous studies illustrate, it is not standard practice to adjust drug doses to the weight of the subject in human pharmacological challenge studies.
At the study's end and final unblinding, 25 subjects had been randomized to placebo, 18 subjects to amphetamine 10 mg, and 23 subjects to amphetamine 20 mg. The sample size for the 10-mg dose is lower because an interim unblinding and data analysis indicated no trends for effects of the 10 mg dose; thus, in an effort to complete data collection in a timely manner, the 10-mg dose was dropped from the study. Demographic data can be found in Table 1 .
Procedure
After providing informed consent, participants underwent a physical examination by an MD and were administered an ECG. Clinically significant findings on these exams constituted exclusion from the study (n=5). They were then assessed with the SCID to rule out axis I and axis II disorders. They were asked for a urine sample for toxicology analysis and pregnancy test if applicable. Randomization and administration of study drug was conducted by the UCSD Investigational Pharmacy.
Participants entered the hBPM 60 min after administration of the study drug, based upon the pharmacokinetic profile of amphetamine and evidence that it reaches peak plasma concentrations at 2-2.5 h post-ingestion (Wong et al. 1998 ) and broadly consistent with other studies on the behavioral effects of d-amphetamine (60-90 min) (Ballard et al. 2014; de Wit et al. 2002; Weafer and de Wit 2013) . Assessment of vital signs (heart rate and blood pressure) was conducted prior to ingestion of the study drug and immediately prior to the end of the entire test battery. Since physiologic parameters can be impacted by body weight, height and weight were collected for the calculation of body mass index (BMI).
Prior to entering the hBPM, participants were fitted with an ambulatory monitoring device worn on the torso that quantifies motor activity via triaxial accelerometer output (Hidalgo 2010; Vivometrics 2002) . Encrypted data were stored on a removable memory card and subsequently extracted and analyzed with the VivoSense™ proprietary PC-based software (version 2.7). Mean acceleration values were generated from a filtered summation of movement on the x, y, and z axes while incorporating force effects due to gravity. After being fit with the monitor, individuals were placed in the hBPM for 15 min without explicit directions except to wait for the experimenter to prepare another task.
The hBPM has been described previously (Henry et al. 2013; Henry et al. 2011; Minassian et al. 2010; Minassian et al. 2011; Perry et al. 2010; Perry et al. 2009 ). The hBPM consists of a 3.5-m by 4.9-m rectangular room that contains several items of furniture, including two bookcases, several tall filing cabinets, a corkboard mounted on the wall, and a short storage chest, but no chairs. A number of small objects were placed throughout the room to stimulate exploration and invite participant interaction Minassian et al. 2011; Perry et al. 2009 ). These items were selected to meet several criteria, including being safe, colorful, tactile, and manipulable (Pierce and Courchesne 2001) ; they include a feather mask that could be worn, a kaleidoscope, finger puppets, and a paddle ball game. Participant activity in the room was monitored and recorded by a camera concealed in the ceiling that is equipped with a fish-eye lens capable of viewing the entire room. Digitized videos sampled at 30 frames per second were stored on a computer in an adjacent room for subsequent analysis .
During the informed consent process, subjects were told that they might be videotaped during a part of their examination, but were not specifically instructed that this recording would occur during the hBPM session. Following the hBPM session, subjects were returned to the laboratory where other testing was completed. To ensure safety after the potential administration of amphetamine, subjects were observed for three additional hours while they remained in the laboratory to complete other testing. Blood pressure and heart rate were measured prior to leaving the laboratory, and a physician confirmed that each subject's vital signs were normal prior to the subject's departure.
Data analysis and statistics
To assess motor activity, mean acceleration in digital units was derived for each of the three 5-min time periods of the 15-min hBPM session; mean values of acceleration are a common and accepted method with which to determine static and dynamic motor activity (Godfrey et al. 2008) .
Object interactions in the hBPM were quantified manually by trained raters blind to group condition who evaluated participant exploration in 1-s increments during the video recording. We have previously established interrater reliability for hBPM video ratings; kappa reliability coefficients for ratercoded measures range from 0.91 to 0.96 . We quantified the total number of object interactions, defined as deliberate physical contact with a novel object with any part of the body, e.g., hand or foot.
To assess spatial patterns of behavior, digitized video images were subjected to frame-by-frame analysis with proprietary software (TopScan 1.0; Clever Systems Inc, Washington, DC) that generates x-y coordinates of subjects within a 720 by 480-pixel grid. The x-y data were initially processed with a low-pass Butterworth filter to remove instrumental noise. Spatial d (i.e., dimensionality), measured between values of 1 and 2, indicates the extent to which a subject travels in a straight line (close to 1) or adopts a more convoluted, meandering path, such as very localized, circumscribed movements (close to 2). This measure is calculated by plotting the successive x-y coordinates of the path traveled against varying lengths of measuring resolutions (e.g., measuring the distance traveled with a small versus large ruler). The distance traveled is plotted against the number of movement counts using a doublelogarithmic plot, with the slope of this line of fit being used to calculate spatial d (Paulus and Geyer 1991) . Values at either end of this range may indicate perseverative behavior, as indicated by the tendency of manic BD individuals and DAT KD mice to engage in abnormally straight and repetitive patterns of activity (Perry et al. 2009; Young et al. 2010b) .
The data were inspected for normality and homogeneity of variance. Outliers were defined as values that were 3 or greater standard deviations from the mean (Stevens 1992) ; these values were truncated to within 3 standard deviations in order to preserve their relative value while retaining power. A total of six outlier values were truncated. After removal of outliers, the distributions were again inspected and hBPM data were found to be normally distributed (skew and kurtosis values < ±1). Group differences were tested using repeated-measures analyses of variance (ANOVA), with the three 5-min time periods of hBPM exposure as the repeated measure and group (placebo, 10-mg amphetamine, 20-mg amphetamine) as the between-subjects measures. Effect sizes were calculated with partial eta-squared. Statistical analyses were conducted with SPSS version 22.0 (IBM Corporation 2013).
Methods-mice Animals
Eighty C57BL/6J mice (40 female, 40 male) were obtained from Jackson Laboratories and tested 9-10 days after their arrival at approximately 3 months of age. Mice were housed four per cage in a reverse-light cycle room (lights off at 8:00 am) at UCSD. Animals had access to food (Harlan, Madison, WI, USA) and water ad libitum except during testing. Mice were allowed to acclimate to a dark testing room for a minimum of 60 min before testing. All testing occurred between 9:00 a.m. and 5:00 p.m. This range has been standard practice in our laboratory since no effect of time of testing was observed and in an analysis of 253 male C57BL/6 mice (Tanaka et al. 2012 ). Testing took place over 2 days. All male mice were tested on day 1 and all females on day 2. All testing One of four doses of amphetamine (1.4, 2.5, 4.5, or 7.9 mg/kg) or vehicle was administered by intraperitoneal (i.p.) injection immediately before placing the mouse into the testing chamber and initiating the test session. For analysis of dose response, drug doses were based on a one fourth logarithmic scale, one dose below and two doses above 2.5 mg/kg, a dose previously shown to increase locomotor activity in this paradigm (Perry et al. 2009; Young et al. 2010a ).
Mouse behavioral pattern monitor
Methods for the mBPM have been described previously (Perry et al. 2009; Risbrough et al. 2006; Young et al. 2010b ).
Mice were tested in eight BPM chambers. Each chamber consisted of a 30.5 ×60 ×38-cm arena. A Plexiglas holeboard floor equipped with three floor holes, one each in the left, middle, and right of the floor, was enclosed on each side by clear Plexiglas walls with eight holes, one on each short wall and three on each long wall. Each hole was equipped with an infrared photobeam to detect holepoking. The chamber was illuminated by a single light (producing 350 lux in the center and 92 lux in each corner) positioned above the center of the arena. The location of the mouse across nine unequal regions (four corners, four walls, and center; (Geyer et al. 1986) ) was recorded every 0.1 s by a 12×24 grid of infrared photobeams positioned 1 cm above the floor and 2.5 cm apart. Rearing was detected by an array of 16 photobeams placed 2.5 cm above the floor, along the long wall of the arena. Mice were placed in the upper left corner of the chamber at the beginning of a session which was then immediately initiated. The primary dependent measures of interest were total activity counts, holepokes, rearings, and spatial d. This study was done to determine a dose-response effect of amphetamine in male and female C57BL/6J mice administered saline (n=16; 8 male, 8 female) or amphetamine at 1.4 (n=16; 8 male, 8 female), 2.5 (n=16, 8 male, 8 female), 4.4 (n=16, 8 male, 8 female), or 7.9 (n=16, 8 male, 8 female) mg/ kg. Locomotor and behavioral activities of the mice were assessed for 60 min.
Data analysis and statistics
Data from the experiment were analyzed using a mixed analysis of variance, with sex and treatment as between-subject variables and time period (three 20-min time bins) as a withinsubject variable. Where no main effects of sex were observed, analysis was collapsed across the variable. The data were analyzed using Biomedical Data Programs statistical software (Statistical Solutions Inc., Saugus, MA, USA). The alpha level was set to 0.05.
Results-humans
The placebo and amphetamine groups did not differ significantly in terms of demographic variables or baseline heart rate and blood pressure (Table 1) . Participants given 20-mg amphetamine had significantly higher post-test heart rate and blood pressure than the placebo group and higher blood pressure than the 10-mg amphetamine group. A change in diastolic blood pressure from baseline to post-test was higher in the 20-mg amphetamine group than in the 10-mg and placebo groups, and change in systolic blood pressure was higher in 20-mg amphetamine subjects compared to 10-mg amphetamine subjects.
A repeated-measure ANOVA on acceleration indicated a significant time period-by-group interaction, with a medium effect size [F (4,122) =2.6, p=0.04, partial eta-squared=0.07]. In the placebo group, there was a linear decrease in acceleration from the first to the final time period, but this decrease was not observed in the 20-mg amphetamine group, who had significantly higher acceleration than either the placebo or 10-mg amphetamine group in the third time period (Fig. 1a) . There was no significant main effect of time period [F (2,122) A repeated-measures ANOVA on object interactions indicated a significant main effect of time period [F (2,126) =3.4, p= 0.04, partial eta-squared=0 .05] such that, in all groups, object interactions decreased across time periods (Fig. 1b) . There was neither a main effect of group [F (2,63) 
Results-mice
Amphetamine significantly increased overall activity (transitions) in a dose-dependent manner (Fig. 2a) . A significant main effect of drug (F (4,70) =30.6, p<0.001) as well as significant interaction of drug x time (F (8,140) =11.6, p<0.001) was witnessed. No main effect of sex (F (1,70) =2.16, NS) or interaction of sex x drug (F (4,70) <1, NS) was observed on overall activity. Post hoc analyses revealed that the 7.9, 4.4, and 2.5 mg/kg doses significantly elevated overall activity compared to vehicle in the first 20 min, while 4.4 and 2.5 mg/kg doses elevated activity over the second 20-min bin, and all four doses of amphetamine significantly elevated activity compared to vehicle in the final 20-min bin (p<0.05).
Specific exploration (holepoking) was significantly decreased by amphetamine in a dose-dependent manner (Fig. 2b) . A significant main effect of drug (F (4,70) =27.3, p<0.001) as well as a significant interaction of drug x time (F (8,140) =4.3, p<0.001) was observed. A significant main effect of sex (F (1,70) =5.5, p<0.05) was observed; however, sex did not significantly interact with drug (F (4,70) <1, NS) or time (F (2,140) = 2.6, NS) as measured by holepoking. Post hoc analysis revealed that all doses of amphetamine significantly decreased holepoking compared to the vehicle in the first two 20-min time periods (p<0.05). In the final 20-min time period, 1.4 mg/kg was the only dose to not differ significantly from vehicle.
Amphetamine dose dependently decreased another aspect of specific exploration, rearing (Fig. 2c) . A significant main effect of drug (F (4,70) =3.8, p<0.005) as well significant interaction of drug x time (F (8,140) =3.2, p<0.005) was observed on rearing. Post hoc analyses revealed that rearing in the first 20-min time period was decreased by 7.9 and 4.4 mg/kg amphetamine compared to vehicle (p<0.05). Over the second 20 min, 2.5 mg/kg as well as 7.9 and 4.4 mg/kg amphetamine significantly decreased rearing compared to vehicle (p <0.05). There were no significant differences in rearing over the final 20-min time period.
Finally, spatial d was significantly decreased by amphetamine in a dose-dependent manner (Fig. 2d) . A significant main effect of drug (F (4,70) =24.7, p<0.001) as well as a significant interaction of drug x time (F (8,140) =3.4, p<0.001) was witnessed. No main effect of sex (F (1,70) =3.2, NS) or interaction of sex x drug (F (4,70) =1.4, NS) was witnessed. Post hoc analysis revealed that spatial d was significantly decreased compared to vehicle by the 7.9, 4.4, and 2.5 mg/kg dose of amphetamine over the first 20-min time period (p<0.05). All doses decreased spatial d compared to vehicle over the next two 20-min time periods.
Discussion
The goal of this study was to capitalize on our cross-species work to delineate biological mechanisms that contribute to the increased activity/energy profile characteristic of BD. In healthy humans, the 20-mg dose of amphetamine increased motor activity without increasing specific exploration and without marked effects on spatial patterns of activity. Previous work in the mouse version of the BPM demonstrated that a one-time dose of d-amphetamine increased motor activity while decreasing specific exploration (operationalized as holepokes) and increasing straight-line movements (operationalized as lower spatial d) (Perry et al. 2009; Ralph et al. 2001b) . The current study replicates our previous findings in mice. In contrast, this amphetamine profile was inconsistent with the profiles observed in either the manic Minassian et al. 2011; Perry et al. 2009 ) or non-manic phases of BD (Henry et al. 2013) , which are characterized by both increased motor activity and increased specific exploration. Thus, acute amphetamine as a model for mania has modest face validity (hyperactivity alone, no effect on object exploration or spatial d) and limited predictive validity (lithium treatment did not reverse amphetamine effects in humans; (Silverstone et al. 1998) ). Fig. 1 The effects of d-amphetamine on exploratory behavior in humans were measured using the human behavioral pattern monitor (hBPM). Males and females were treated with either placebo (n=25) or amphetamine at 10 (n=18) or 20 (n=23) mg 1 h prior to assessment in the hBPM. Amphetamine increased activity as measured by acceleration (a), while no effect on object interactions (b) or any other measure was observed. Data presented as mean + SEM, *p<0.05 compared to placebo; octothorpe, p < 0.05 compared to 20 mg. Amp amphetamine Acute amphetamine treatment has often been used to model mania in mice and rats (Einat 2006; MachadoVieira et al. 2004; Post and Weiss 1989; Shaldivin et al. 2001) . The suitability of this model has been called into question (Silverstone et al. 1998; Young et al. 2011a) . The current findings underscore the limited validity of the model, given that treatment with the non-selective NET/ DAT inhibitor amphetamine did not recreate the behavioral profile of BD mania in either mice or humans (Perry et al. 2009 ). Although subchronic amphetamine dosing in rodents has also been used as a model of mania (Frey et al. 2006 ) and schizophrenia (Hijzen et al. 1991) , these studies are fewer and have not been conducted in humans. Interestingly, former chronic methamphetamine use in humans did not increase activity but increased object interactions in the hBPM . In contrast to combined DAT/NET inhibition, both selective acute pharmacologic (e.g., GBR12909) and genetic (e.g., KD) reductions in DAT function in mice better mimicked the human BD mania profile, including increased exploration (Perry et al. 2009; Young et al. 2010a, b) . The relative non-specificity of amphetamine to the DAT, e.g., its higher affinity for NET in humans and mice (Han and Gu 2006) , and the fact that NET inhibition alone does not increase activity or selective exploratory behavior (Viggiano et al. 2004) , underscores the likely greater importance of the DAT as a biological mechanism underlying abnormal behavior in BD. Importantly, the potential synergistic interactions between DAT and NET in influencing behavior have not been explored; such work could be conducted with genetic and pharmacological manipulations in rodents and potentially crossvalidated by studying the potential epistasis of DAT-and NET-related genotypes in humans.
The human and mouse phenotypes of amphetamineinduced BPM profiles were not identical in that reduced specific exploration, and straighter movements were observed in the mice but not in humans. Certainly, the characteristics of the human BPM, which does contain furniture and objects (versus the mouse BPM, which apart from the holes is an empty chamber), may have limited the ability for amphetamine to induce straight movement patterns in the humans. It may also be relevant that the higher dose in humans, 20 mg, is equivalent to the mid-range doses administered in mice (2.5-4.4 mg/kg in mice is equivalent to 0.20-0.35 mg/kg in humans) (ReaganShaw et al. 2008 ) because the human participants in this study weighed between 60 and 80 kg. Alternatively, the timing of dosing prior to testing may have introduced a lack of comparable results with some studies focusing on testing 90 min after drug administration (de Wit et al. 2002; Weafer and de Wit 2013) . The briefer interval used here (60 min) is one limitation of this study; more pronounced effects on exploratory behavior Fig. 2 The effects of d-amphetamine on exploratory behavior in mice measured using the mouse behavioral pattern monitor (BPM). Male and female C57BL/6J mice (n=40 per sex) were treated with vehicle or d-amphetamine (1.4, 2.5, 4.5, or 7.9 mg/kg; n=8 per dose) immediately prior to their introduction to the mouse BPM. Amphetamine treatment significantly increased activity (a), while reducing holepoking (b), rearing (c), and lowering spatial d (d), in mice irrespective of sex. These effects were seen in each domain even at the lowest dose, except on activity levels. Data presented as mean + SEM, *p < 0.05 compared to saline, **p < 0.01 compared to saline may have been seen with a longer (e.g., 90-or 120-min interval). Biological effects of the 20-mg dose were observed at the 60-min interval, however, with increased activity and increased heart rate in healthy humans irrespective of gender. The 10-mg dose was insufficient to produce either biological or behavioral effects in this study.
The administration of d-amphetamine in healthy humans has previously been associated with increased spontaneous motor activity (Greenwald et al. 1998) . Amphetamine does, however, decrease impulsivity on cognitive tests (de Wit et al. 2002) , which is consistent with its well-known pro-cognitive effects in humans and in mice (but see (Ballard et al. 2014) ) and is in contrast to robust findings of increased impulsive behavior in people with BD, even in the euthymic phase (Najt et al. 2007 ). More recently, there is evidence that the behavioral effects of amphetamine may vary with the subjective experience of the drug by the subject (Weafer and de Wit 2013), which in turn seems to be genetically mediated (Hart et al. 2012) . Given the limitations of amphetamine as a model for mania, the effects of catecholaminergic agents that are relatively more selective to DAT than NET on the phenotypes of activity and exploration (e.g., modafinil) would be important to study in humans. Modafinil was shown to increase the quantity of spontaneous motor activity in people with schizophrenia when compared to placebo (Farrow et al. 2006 ), but its effects on other dimensions of activity, e.g., specific exploration, have not been quantified in humans. These studies are in progress. In mice, however, modafinil recreates the profile of high activity, high specific exploration, and straighter line movements seen in BD mania patients (Young et al. 2011b ).
In conclusion, the present studies demonstrate modest predictive validity for the reverse-translated BPM. Consistent with mice, amphetamine treatment in humans increased activity without increasing specific exploration. These effects were observed irrespective of sex or gender. At higher doses in mice, however, amphetamine treatment reduced specific exploration and induced straighter patterns of movement. Overall, these data indicate that non-selective inhibition of DAT and NET does not recreate the abnormal high-energy exploratory profile of BD mania patients, unlike that which occurs in mice following more selective DAT inhibition. These data therefore support the hypothesis that a selective hyperdopaminergic tone likely occurs during periods of mania.
